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Abstract 
The anisotropy of the fluorescence polarization has been measured as a function of temperature for the dimethylaminoben- 
zonitrile (DMABN) in polar and non-polar solvents. In the electronically excited state, the DMABN molecule undergoes 
an internal charge-transfer p ocess coupled to a conformational change (Twisted Intramolecular Charge Transfer, or TICT 
process). The different behaviour exhibited by locally excited (LE) and charge-transfer (CT) bands has been interpreted in
terms of an extended Grabowski scheme, in which rotational diffusion of emitting molecules i  taken into account. 
1. Introduction 
The dimethylaminobenzonitrile (DMABN) molecule 
is the prototype system of a family of related com- 
pounds which exhibit in polar solvents dual fluo- 
rescence mission upon optical pumping to the first 
excited state [ 1 ]. Interpretation of this phenomenon 
was first given by Grabowski [2] years ago, and it 
implies a conformational transition of the electroni- 
cally excited state from a planar structure with low 
dipole moment (locally excited - LE state) to a 
charge-transfer structure with a high dipole moment 
(CT state). The conformational transition is thermo- 
dynamically favoured by a polar environment, and it 
does not occur in non-polar alkane solvents. 
It is generally assumed that the transition involves a 
90 ° twist of the dimethylamino group with respect o 
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the phenyl ring plane [2], but out-of-plane displace- 
ment of the methyl groups following pyramidalization 
of the nitrogen bonds has been also suggested [ 3 ]. In 
any case, the occurrence of a conformational change 
in the molecular structure is well documented by the 
temperature and viscosity dependence of the rate pro- 
cess. 
In a recent paper [4], it has been shown that a clas- 
sical treatment of the activated rate process, based on 
diffusion-type equations extended to include a solvent 
polarization variable, is suitable to interpret all relevant 
aspects of the photophysical behaviour of DMABN 
system. 
In this paper, we consider also the rotational diffu- 
sion of the fluorescent solute, by analysing the com- 
bined effect of the reorientational motion and the in- 
ternal kinetics in determining fluorescence depolariza- 
tion, when polarized light sources are used. We have 
therefore measured the polarization ratio of the emis- 
sion bands in a wide range of temperatures for some 
polar and non-polar solvents. We have then derived 
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from the Grabowski scheme a simple model which ra- 
tionalizes the experimental observations. 
2. Experimental section 
Static measurements have been performed using a 
standard fluorometer ISS GREG-200 equipped with 
two polarizers at the excitation and emission sites. A 
scrambler was used after the second polarizer to ob- 
tain isotropic light and avoid subsequent instrumental 
polarization effects. A broad-band filter ( 16 nm band- 
pass) centered at 350 nm, and a cut-off filter at 415 
nm were used to isolate LE and CT emission, respec- 
tively. The wavelength of exciting light was 300 nm, 
and scattered light was eliminated by using a 315 cut- 
off filter. 
The sample was cooled in a cryostat (Oxford In- 
struments) and at each temperature the system was 
left to reach signal stability. 
DMABN was purified by sublimation, and the sol- 
vents used in the experiment were of spectroscopic 
grade. 
Polar and non-polar solvents have been used to 
investigate fluorescence polarization anisotropy of 
DMABN at different emperatures and some results 
are displayed in Figs. 1 and 2. 
The anisotropy is defined as the difference between 
intensities of emitted light with polarization parallel 
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Fig. 1. Temperature dependence of the polarization anisotropy of 
LE and CT fluorescence emissions for DMABN in MCP-3MP and 
in n-Prop solutions. Points corresponding to the same emission 
band are joined by a line for sake of clarity. 
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Fig. 2. Temperature dependence of the polarization a isotropy of
LE and CT fluorescence emissions for DMABN in BCI/2MB 
mixture. Points corresponding to the same mission band are joined 
by a line for sake of clarity. 
and perpendicular relative to the exciting light, com- 
pared with total intensity. It is then expressed as 
r -  l l l - I J -  (1) 
III + 21±" 
In non-polar mixture of methyl-cyclopentane/3- 
methyl-pentane 1 : 1 (MCP/3MP) only LE emission 
is present. 
At very low temperatures the molecular otation, 
which is temperature d pendent and one of the main 
sources of depolarization, becomes a slow process 
compared with the decay rate to the ground state. In 
the rigid matrix the limiting value of the anisotropy 
appears to be lower than the theoretical value of 0.4 
[ 5 ], expected when no depolarization processes gov- 
erned by rotational motions are present. This is be- 
cause two electronic states contribute to the emission 
band. This point will be discussed in more detail in 
the Section devoted to the analysis of the data. 
The polar solvent n-propanol (n-Prop) has been 
chosen because its viscosity increases trongly with 
decreasing temperature, and it can be used in a wide 
range of temperatures. In n-Prop the anisotropy of the 
CT band reaches a value of r = 0.32 at T = 148 K, 
the lowest temperature attainable before crystalliza- 
tion, where the solvent viscosity is close to 104 cP, and 
so rotational motions are inhibited within the lifetime 
of the emitting state. The LE emission appears less 
polarized and maintains its anisotropy (r = 0.14) up 
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tO room temperature. Measurements at high temper- 
atures are affected by large errors because LE emis- 
sion is weak compared with CT, but lowering of the 
temperature l ads to a gain in the band intensity be- 
cause the charge transfer process becomes relatively 
slow and the LE state, the most fluorescent state, is 
less depopulated. The CT emission passes through an 
intensity maximum at about 170 K, in agreement with 
the kinetic scheme [ 1 ]. 
The same qualitative behaviour has been observed 
in the weakly polar solvent n-butyl chloride/2-methyl- 
butane 9 : 1 (BCI/2MB). The LE polarization has a 
limiting value of r = 0.12, and at the lowest temper- 
atures a small increase has been observed. Measure- 
ments have been done in the undercooled liquid down 
to 125 K. The CT anisotropy shows a sharp decrease 
at about 130 K starting from the value of r = 0.28. 
Contrarily to n-Prop, the LE band polarization drops 
to zero at about 200 K. At 120 K a phosphorescence 
band has also been observed, with a polarization of 
0.25. 
Measurements performed by other authors in alco- 
hols [2,6] point out that the emitting LE state has 
a polarization which depends upon the polarity of 
the solvent. In glycerol, the band has a polarization 
anisotropy as high as the CT band. 
erated by a 6-pulse of light polarized along the lab- 
oratory Z-axis, resulting in photoselection of excited 
molecules in the b-state from the isotropic distribution 
of molecules in the ground state. 
The absorption probability isproportional to the co- 
sine square of the angle between the polarization vec- 
tor of the exciting light and the direction of the molec- 
ular transition dipole. In the following, the emitting 
dipole of the excited molecules will be taken parallel 
to the absorption dipole, and its direction coincident 
with the molecular z-axis joining the two nitrogen 
atoms. The initial distribution of b-dipoles is therefore 
Pb(O, t = 0) = cos 2 0. (2) 
with 0 the angle between the molecular z-axis and 
laboratory Z-axis. 
It is possible to use a diffusive approach to describe 
the evolution of the molecules due to the tumbling 
motion in solution, by taking also into account he 
interconversion process between a and b states. 
The diffusion equations for the distribution func- 
tions of the two states are then: 
0 
-~Pa(O, t) = - (P  + ko + k - l )  P~(O, t) 
+ klPb(O,t) (3) 
3. Extended Grabowski scheme 
The dynamics of the DMABN is generally ex- 
plained in terms of the Grabowski scheme [2] in 
which the Sj excited state planar form (simply re- 
ferred to as b-state) with a low dipole moment inter- 
converts to a twisted-charge transfer state (a-state) 
with a higher dipole moment. 
In the extended scheme the b form can either trans- 
form into a (forward process with rate constant kl) 
or changing orientation by diffusion (rotation process 
with diffusional rate 6D) ; only b is populated by pho- 
toexcitation at a unitary constant rate. The a form can 
reconvert to b (backward process with rate constant 
k_ l ) or rotate with the same diffusional coefficient D 
of molecules in b-state, due to the close similarity in 
size and shape. Both states relax to the ground state 
with a rate constant k0, essentially determined by non- 
radiative decay processes [ 7 ]. 
The initial population of excited molecules is gen- 
0 
~Pb(O, t) = - (F  + ko + kl) Ph(O, t) 
+ ~_~Pa(O,t), (4) 
where the diffusive operator P can be defined in terms 
of its eigenfunction Pn(cos 0) as [8,9]: 
P Pn (cos 0) = n(n + 1 ) D Pn (cos 0) (5) 
where P,(cos 0) are Legendre polynomials of order 
n, and D is the rotational diffusion coefficient. Since 
the transition dipole will be considered to be parallel 
to the long molecular axis, the coefficient D used in 
the calculation can be actually interpreted as the per- 
pendicular component D± of a rotational diffusion 
tensor, under the reasonable approximation of axial 
symmetry. 
By searching the solution for each distribution func- 
tion in the form Pi(O,t) = f i ( t )  P(O,t) (with i = a, 
b), the following equivalences are recovered: 
P(O,t) = l e-k°t +2p2(cosO)  e-(k°+6D)t, (6) 
44 
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(7) kl [1 - e(kl+k-t)t], 
kl q- k-1 
[ k' e(kt+k-')t] k- l  1+ 
kl + k-1 k- l  J 
fb(t)  -- - -  (8) 
The emission of the distribution of dipoles Pi(O) 
along a particular direction u is proportional to the 
integral on the sphere 
li,u(t) OZ fP,(O,t) I i(0) • ul 2 sin0 d0, (9) 
the direction of the unit vector u determining the emis- 
sion polarization. 
Substitution into Eq. ( 1 ) leads to 
ra(t) = rb(t) = r(t) = ~ e -6Dr. (10) 
For static measurements the polarization anisotropy 
is determined by the time average [5]: 
. [o Ii(t) r(t) dt 
(11) 
ri = fo  Ii(t) dt 
and for the two states a and b at a given temperature 
the following relations are recovered: 
ra 0 k0 (1 - 6D ) 
=Gko+6D k l+k- l+ko+6D , (12) 
rb = rO kO (1 - 6D ) 
bko+6D kl +k- l  + k0 + 6D 
x 1+ k - l+ko  ' 
where 0 ra, b are the limiting values for the anisotropies 
in frozen systems for which D ~ O. 
4. Analysis of the data 
A different behaviour in the fluorescence anisotropy 
of the two LE and CT bands is evident either in the 
limiting cases of frozen systems, where no reorienta- 
tional depolarizing process is effective, or at temper- 
atures where changes in anisotropy are observed. 
Let us first recall that LE emission is actually given 
by the superposition of two emissions [10-12] with 
different polarization because of the presence of two 
states of symmetry IA and IB sufficiently close in en- 
ergy. The I A state is reached by direct photoexcitation 
from the ground state, with a strong transition mo- 
ment parallel to the long molecular z-axis. The sec- 
ond, lower in energy, is populated by relaxation of the 
first one, and it is characterized by a weaker transition 
moment perpendicular to the z-axis [6]. 
Mixing of the states causes the LE band polarization 
to have, in the range 300-360 nm, a value which is 
appreciably lower than the theoretical value r ° = 2/5, 
and therefore the experimentally observed value of 
r ° must be used [5] in Eqs. (13) and (15). On the 
contrary, the CT emission occurs from a pure state 
with a dipole emission moment very close to that of 
absorption. 
The extended Grabowski scheme is then used to 
interpret the behaviour of the system at temperatures 
where the bands exhibit dynamic depolarization. 
Previous simulations of temperature-dependent 
spectra of DMABN in BC1 [4] have pointed out that 
immediately above 140 K the inequality kl > k0 > 
k_l holds, while the backward process k_l becomes 
competitive with the decay to the ground state only 
above 180-200 K. The energy barrier for the LE--~CT 
transition is relatively low, so this process is expected 
to be faster than the rotation of the whole molecule, 
by considering the different volumes involved. 
All processes are activated, with the exception of 
the decay to the ground state k0, which is taken as tem- 
perature independent, in agreement with experimen- 
tal observations [13,14]. From Eqs. (12) and (13) 
it can be seen that the value ra = 0, corresponding 
to complete depolarization, is reached at temperatures 
where 6D >> k0, whereas a vanishing value of rb is 
obtained under the condition k- l  >> k0. This means 
that at temperatures where the CT band is depolarized 
the LE might not be so, depending on the relative rate 
of the backward process compared with the decay to 
the ground state. 
The effect of the temperature on DMABN fluores- 
cence depolarization processes can be then understood 
in the following way. At very low temperatures all 
motions are frozen, but at intermediate mperatures 
the fastest process turned on is the LE-~CT transi- 
tion. Since this process is almost barrierless, increase 
in temperature effectively depopulates the LE state 
within a time which is faster than the intrinsic lifetime 
l/k0, with the result that orientational motions can- 
not depolarize the LE emission as far as the rotational 
rate 6D is smaller than the escape rate k~. Actually, 
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the slight increase in the polarization value observed 
in BC1 solutions below 140 K indicates that both kl 
and 6D are comparable at this temperature. 
On the other hand, the CT state is rapidly populated, 
and the normal depolarization process can occur be- 
cause reorientational motions are effective within the 
state lifetime. 
At higher temperatures the condition k-1 > k0 is 
satisfied, and the LE state can be repopulated by the 
backward process, but since 6D is always greater 
than k_~, orientational correlation of the emitting 
molecules is lost and the resulting fluorescence is
effectively depolarized. 
If the CT process does not occur, as in the case of 
the non-polar MCP/3MP mixture, depolarization of
the LE band follows a normal behaviour, when the 
orientational rate 6D becomes comparable or larger 
than the state decay rate k0. 
In order to simulate the temperature d pendence of
the observed fluorescence anisotropy factors r(T),  an 
estimate of the temperature d pendence of all kinetic 
processes has to be made. 
The activation energy for the molecular otations 
can be obtained by means of the Debye relation [5]: 
kaT 
O - (14) 
6r/V' 
where V is the molecular volume and r/the solvent vis- 
cosity. The value of kl/6D is estimated to be equal to 
three at room temperature, from the theoretical expres- 
sions for kl reported in ref. [4] and D given above. 
The ratio kj /D was found to be very weakly depen- 
dent upon the temperature; because of the low bar- 
rier for the forward kinetic process, the rotations of 
the dimethylamino group and of the whole molecule 
undergo the same frictional effects due to the solvent 
environment. In addition, the condition kl >> k-i is 
always fulfilled in the polar solvents considered in this 
work, because of the large stabilization of the CT state. 
A value of 2 × 108 s -t  has been taken for the fluo- 
rescence decay rate k0. This value is very close to that 
measured in BCI at low temperatures [ 14]. 
For the LE band in MCP/3MP mixture, where no 
CT process occurs,the decay of the fluorescence in- 
tensity can be approximated by a simple exponential 
with decay rate k0. Except for transient times, the same 
conclusion holds for the CT band in polar solvents, 
where k~ is the fastest process, so that the population 
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Fig. 3. Arrhenius plots of the function f (T )  = log[ r ° / r (T )  - 1 ]/T, 
obtained by using Eqs. (14), (15) and (16), to determine the 
activation energies of the solvents. 
created by excitation into the LE state is immediately 
transferred tothe CT state. In these cases, from substi- 
tution of Eq. (10) into Eq. ( 11 ), the Perrin equation 
[5] is recovered: 
r(T) = r ° ko 
k0 + 6D" (15) 
This equation can be used to determine the activation 
energies for the solvent viscosities, from the experi- 
mental values of r(T) relative to LE bands in non- 
polar solvents, and to CT bands in the polar ones. 
The temperature d pendence of the solvent viscosity 
is taken in the form 
rl(T) = rloexp( E~/RT) (16) 
and its introduction into Eq. (14) allows one to 
determine the activation energy E~ by plotting the 
logarithm of [ r°/r(T) - 1 ]/T against emperature, as 
shown in Fig. 3. The activation energies for the diffu- 
sion coefficients in n-Prop, BC1/2MB and 3MP/MCP 
mixtures, are found to be 12.6, 16.5 and 10.9 kJ 
mol- 1, respectively. 
5. Results and discussion 
With the aid of the results obtained from Fig. 3, 
supplemented by the activation energies for the back- 
ward reaction k_ l estimated from solvent stabilization 
energies, one might hope to be able of simulating the 
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Fig. 4. Simulated temperature dependence of LE and CT 
polarization anisotropies for DMABN in BCI/2MB mixture. 
Input data are kt = 1 x 1014 exp(-1900/T)s  - l ,  k- i  = 
5 x 1014exp(-3000/T)s -1, ko =2x  108 s - l ,  k l /6D=3 at 
room temperature, and an activation energy for the rotational dif- 
fusion equal to 16.5 kJ mol - l .  
experimental behaviours. However, some slight ad- 
justment appears to be necessary, and the final result 
for the BCI/2MB solvents, which provided the most 
complete set of data, is displayed in Fig. 4. While 
the activation energy for D has been taken equal to 
that determined from the Arrhenius plots (E~ --- 16.5 
kJmol- I ) ,  that for kl must be taken somewhat lower 
(E~ = 15.8 kJmol - l  ) for a better eproduction of the 
changes of slope in the LE band. This is rather surpris- 
ing, because the forward process has a small activa- 
tion energy, which should add to the activation energy 
of the viscosity. Furthermore, the activation energy 
for the diffusion coefficient in BCI, equal to 16.5 kJ 
moi- 1, does not correlate with the normal values given 
for viscosity, for which an estimate of 7.1 kJ tool -1 
was made. However, this value was obtained from vis- 
cosity data referring to temperatures well above the 
range of temperatures of the optical experiment [ 15]. 
The discrepancy may also be due to the failure of the 
Debye relation, applied to molecules of the same size 
if not smaller than the solvent molecules, and in elec- 
tronically excited states. 
Despite this, comparison of Figs. 2 and 4 shows 
that a satisfying level of understanding of the physical 
processes underlying the depolarization mechanisms 
is actually reached. In fact, both the slight inflection 
at about 140 K and the decrease above 190 K of the 
polarization anisotropy are essentially reproduced. At 
these temperatures, the calculated values for kl, 6D 
andk_l a re2x  108 , 0.5× 108 ,3x  105 and7× 109 ,
2 x 109, 108 s -1 , respectively. The values for kl are 
comparable with those reported in the literature for n- 
butyl chloride solutions [16] 
For n-Prop solvent abehaviour qualitatively similar 
to that of BCI has been observed but, due to the high 
polarity of the medium which increases the activation 
energy for the backward process, and the larger vis- 
cosity with respect o the BC1/2MB case which de- 
creases all the reaction rates, the LE emission remains 
polarized even at room temperature. 
To conclude, it is worth noting that the dynamic in- 
formation achieved from fluorescence anisotropy data 
parallel that obtained from the analysis of the temper- 
ature dependence of the relative intensities of LE and 
CT emissions in polar solvents [1 ], the novel piece 
of information concerning the frequency of the rota- 
tional diffusion of the whole DMABN molecules in 
the solutions. 
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